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ed February 17, 2014.he objective of this study was to determine whether premature ventricular contractions (PVCs) arising from the
aortic sinuses of Valsalva (SOV) and great cardiac vein (GCV) have coupling interval (CI) characteristics that
differentiate them from other ectopic foci.Background PVCs occur at relatively ﬁxed CI from the preceding normal QRS complex in most patients. However, we observed
patients with PVCs originating in unusual areas (SOV and GCV) in whom the PVC CI was highly variable. We
hypothesized that PVCs from these areas occur seemingly randomly because of the lack of electrotonic effects of
the surrounding myocardium.Methods Seventy-three consecutive patients referred for PVC ablation were assessed. Twelve consecutive PVC CIs were
recorded. The DCI (maximum  minimum CI) was measured.Results We studied 73 patients (age 50  16 years, 47% male). The PVC origin was right ventricular (RV) in 29 (40%), left
ventricular (LV) in 17 (23%), SOV in 21 (29%), and GCV in 6 (8%). There was a signiﬁcant difference between
the mean DCI of RV/LV PVCs compared with SOV/GCV PVCs (33  15 ms vs. 116  52 ms, p < 0.0001). A DCI of
>60 ms demonstrated a sensitivity of 89%, speciﬁcity of 100%, positive predictive value of 100%, and negative
predictive value of 94%. Cardiac events were more common in the SOV/GCV group versus the RV/LV group (7 of 27
[26%] vs. 2 of 46 [4%], p < 0.02).Conclusions DCI is more pronounced in PVCs originating from the SOV or GCV. A DCI of 60 ms helps discriminate the origin of
PVCs before diagnostic electrophysiological study and may be associated with increased frequency of cardiac
events. (J Am Coll Cardiol 2014;63:2151–8) ª 2014 by the American College of Cardiology FoundationIdiopathic premature ventricular complexes (PVCs) are
generally considered benign and are often treated conser-
vatively. However, sustained ventricular tachycardia (VT),
symptomatic PVCs resistant to medical therapy, and PVCs
thought to contribute to an underlying cardiomyopathy
are often treated with radiofrequency ablation (RFA).ia Center, David Geffen School of Medicine at
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013; revised manuscript received February 5,Noninvasive mapping criteria based on 12-lead electrocar-
diogram (ECG) characteristics can help with procedural
planning and guide mapping if RFA is needed (1–13).
However, PVCs with a V3 precordial ECG transition are
difﬁcult to localize and can be of right ventricular outﬂow
tract (RVOT) or left ventricular outﬂow tract origin (14).
The reportedly benign nature of outﬂow idiopathic PVCs
has been disputed by some (15). There is reasonable evi-
dence that a small proportion of these cases may be higher
risk for R-on-T phenomena and sudden cardiac death
(SCD). However, limited data exist to help the clinician risk
stratify on the basis of PVC characteristics.
PVCs occur at relatively ﬁxed coupling intervals (CIs)
from the preceding normal QRS complex in most patients.
However, we observed some patients with PVCs originating
in unusual areas (aortic sinuses of Valsalva [SOV], great
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2152cardiac vein [GCV]) in whom
the PVC CI was highly vari-
able. We hypothesized that
PVCs from these areas could oc-
cur seemingly randomly because
of the lack of restraining elec-
trotonic coupling effects of the
surrounding myocardium. We
also hypothesized that this vari-
able CI characteristic might be a
valuable diagnostic tool as well
as provide further insights into
the functional behavior of these
PVCs and possible cardiac event
risk associated with a given PVC
origin.
Methods
Consecutive cases of idiopathic
PVCs that were mapped and
ablated were assessed. Only caseswith PVCs with a frequency of >10/min were studied.
However, the majority had a pattern of bigeminy or trige-
miny. Cases with rare PVCs or only nonsustained or sus-
tained VT were excluded, as were cases of fascicular PVC/
VT. Patients with cardiomyopathy were excluded if the
PVCs were thought to be secondary to the underlying car-
diomyopathy. Cases of cardiomyopathy thought secondary
to a high burden of PVCs were included as long as alter-
native etiologies of cardiomyopathy such as severe obstruc-
tive coronary artery or signiﬁcant valvular disease were ruled
out. Approval for enrollment into the study was obtained
from the respective institutional review boards.
Antiarrhythmic medications were discontinued at least
48 h before the procedure as per protocol at the participating
institutions. Surface ECG leads from the diagnostic elec-
trophysiological study were analyzed using electronic calipers
at a 100 mm/s sweep speed. Only monomorphic PVCs were
studied. The ﬁrst available period in the diagnostic study
during which 12 consecutive PVCs were available for anal-
ysis was assessed. The interval from the initial Q- or R-wave
of the preceding sinus beat to the beginning of the subse-
quent PVC beat was measured in milliseconds. The differ-
ence in milliseconds between the maximum and minimum
CI (DCI) was calculated. The ﬁrst 12 consecutive PVCs
were chosen for analysis to limit the effect of procedural
sedation later in the study as well as to maximize the clinical
utility of any ﬁndings, which could potentially translate to
evaluation, not only from the diagnostic electrophysiological
study, but also from a 12-lead ECG or rhythm strip ob-
tained in a cardiology ofﬁce or from an outpatient ambula-
tory ECG monitor.
A standard diagnostic electrophysiological study was
then performed using several percutaneously placed multi-
electrode catheters. If needed, isoproterenol infusion wasused to increase the frequency of PVCs. Mapping of the
PVC origin was performed targeting the earliest site of
activation compared with the onset of the surface PVC
QRS complex, after which RFA was attempted using
standard or irrigated radiofrequency energy after excluding
an unacceptable proximity to a major coronary artery (e.g.,
epicardial mapping at the left ventricular [LV] base). In
most cases, advanced mapping systems such as CARTO
version 3.0 (Biosense-Webster, Diamond Bar, California)
or NavX version 3.0 (St. Jude Medical, Minneapolis,
Minnesota) were used to facilitate mapping.
Continuous variables were expressed as mean  SD, and
comparison between 2 groups was analyzed using the Stu-
dent t test. Categorical variables were analyzed using the
Fisher exact test. Given the heterogeneity of variance in
DCI, Welch’s t test was used to compare groups. A receiver-
operating characteristic curve was constructed and Youden’s
Index applied to determine the optimal cutoff for DCI as a
diagnostic test.
Results
We studied 73 patients (age 50  16 years, 47% male)
(Table 1). The PVC origin was right ventricle (RV) in 29
(40%), LV in 17 (23%), SOV in 21 (29%), and GCV in 6
(8%). Of the RV PVCs, 22 (76%) were from the RVOT
with the remainder from the RV body (3 septal, 2 basal
inferior, and 2 inferoseptal). Of the LV PVCs, 2 were
from the aortomitral continuity, 5 from the anterior wall
(2 endocardial and 3 epicardial), 5 from the inferior wall, 3
from the lateral wall, and 1 from the septal wall. Of the
SOV PVCs, 1 (5%) originated from the right SOV, 16
(76%) originated from the left SOV, and 4 (19%) origi-
nated from the left and right junction. The index PVC was
successfully ablated in 68 of 73 (93%) of all cases and in 68
of 69 (99%) of cases in which ablation was attempted.
Ablation was deferred because of location near a coronary
artery in 4 of 73 (5%).
When baseline characteristics were compared on the basis
of the location of PVC origin, there was no difference in
age (47  18 years vs. 52  15 years, p ¼ 0.25), sex (56%
male vs. 41% male, p ¼ 0.46), baseline ejection fraction
(47  12% vs. 50  11%, p ¼ 0.31), or baseline PVC
burden on ambulatory ECG monitor (24.3  10.5% vs.
23.5  11.4%, p ¼ 0.83) in the SOV/GCV groups versus
the RV/LV group, respectively. There was no difference in
the proportion of patients taking beta-blockers (63% vs.
70%, p ¼ 0.61), calcium channel blockers (11% vs. 7%,
p ¼ 0.66), or standard antiarrhythmic medications (15%
vs. 26%, p ¼ 0.36) before the procedure.
Pre-procedure syncope, cardiac arrest, or documented
polymorphic VT were more common in the SOV/GCV
group versus the RV/LV group (7 of 27 [26%] vs. 2 of 46
[4%], p < 0.02). In the SOV/GCV group, there were 3
SCDs, 1 documented polymorphic VT, and 3 syncopal
episodes, whereas in the RV/LV group, there was 1 syncopal
Table 1 Baseline Patient Characteristics
SOV/GCV
(n ¼ 27)
RV/LV
(n ¼ 46) p Value
Age, yrs 47  18 52  15 0.25
Male 15 (56) 19 (41) 0.46
Ejection fraction, % 47  12 50  11 0.31
PVC origin SOV 21 (29) RV 29 (40)
Right SOV 1 (1) RVOT 22 (30)
Left SOV 16 (22) RV body 7 (10)
L-R junction 4 (5) LV 17 (23)
GCV 6 (8)
Antiarrhythmic therapy
Beta-blockers 17 (63) 32 (70) 0.61
Calcium channel blockers 3 (11) 3 (7) 0.66
Amiodarone 2 (7) 9 (20) 0.28
Other 4 (15) 9 (20) 0.52
Previous cardiac event 7 (26) 2 (4) <0.02
Previous failed ablation 10 (37) 13 (28) 0.45
ICD 4 (15) 4 (9) 0.46
Successful ablation 23 (85) 45 (98) 0.06
Ablation signal preceding QRS, ms 31  14 28  12 0.34
Values are mean  SD or n (%).
GCV ¼ great cardiac vein; ICD ¼ implantable cardioverter-deﬁbrillator; LV ¼ left ventricle; PVC ¼ premature ventricular complexes; RV ¼ right
ventricle; RVOT ¼ right ventricular outﬂow track; SOV ¼ sinus of Valsalva.
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2153episode and 1 implantable cardioverter-deﬁbrillator im-
plantation for VT (though it was not clear from the available
history whether there was any associated syncope or events
other than monomorphic VT).Figure 1 Scatter Plot of DCI Demonstrating Variable CI in PVCs Orig
The scatter plot demonstrates that PVCs originating from the SOV/GCV predominantly hav
DCI of <60 ms, demonstrating a sensitivity of 89%, speciﬁcity of 100%, positive predictive
coupling interval; PVC ¼ premature ventricular complexes; RV/LV ¼ right ventricle/left veProcedural characteristics were similar, including ablation
success, number of radiofrequency applications delivered,
type of ablation catheters used, or need for isoproterenol
infusion during the procedure. The mean CI was 517  96inating From the SOV/GCV But Not in PVCs From the RV/LV
e a DCI <60 ms, whereas RV/LV origin PVCs consistently have a DCI >60 ms with a
value of 100%, and negative predictive value of 94%. DCI ¼ (maximum  minimum)
ntricle; SOV/GCV ¼ sinus of Valsalva/great cardiac vein.
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LV group (p ¼ 0.34).
However, there was a signiﬁcant difference between
the mean DCI of SOV/GCV origin PVCs (11  52 ms)
compared with those arising from the RV/LV (33  15 ms;
p < 0.0001) (Fig. 1). No RV/LV PVCs had a DCI >60 ms,
and only 3 of the SOV/GCV PVCs had a DCI <60 ms.
The median DCI in the SOV/GCV group was 120 ms
(quartile 1 [Q1] ¼ 72.5 ms, Q2 ¼ 120 ms, Q3 ¼ 151.5 ms),
whereas the median DCI for the RV/LV group was 32 ms
(Q1 ¼ 24 ms, Q2 ¼ 32 ms, Q3 ¼ 42 ms). A DCI of >60
ms demonstrated a sensitivity of 89%, speciﬁcity of 100%,
positive predictive value of 100%, and negative predictive
value of 94% for SOV/GCV origin of the PVC (Fig. 2).
Discussion
The major ﬁndings of this study are: 1) PVCs arising from
SOV or GCV sources have highly variable coupling in-
tervals from the prior QRS complex compared with PVCs
from other regions (Fig. 3); and 2) in some cases, PVCs
from the SOV/GCV may have different, and more ma-
lignant, clinical behavior from PVCs arising elsewhere.
Thus, the ECG provides an important clue to the identi-
ﬁcation of the anatomic location and functional behavior
of the arrhythmia.
Mechanism of arrhythmia and CI. The majority of PVCs
occur at relatively ﬁxed CI from the prior QRS complex,
though a complete understanding of the determinants of
CI duration and variability are limited in the literature. OurFigure 2 ROC Curve
ROC curve plotting the true positive rate (sensitivity) versus false positive rate
(1  speciﬁcity) documenting the ability of DCI to differentiate SOV/GCV and RV/
LV origin PVCs with an AUC ¼ 0.946. The ROC curve in combination with Youden’s
index supports a DCI of <60 ms. A <60-ms cutoff demonstrates a sensitivity of
89%, speciﬁcity of 100%, positive predictive value of 100%, and negative pre-
dictive value of 94%. AUC ¼ area under the curve; ROC ¼ receiver-operating
characteristic; other abbreviations as in Figure 1.ﬁndings show that PVCs originating in the SOV and GCV
behave differently than other idiopathic PVCs. Although
most idiopathic PVCs do not behave like true parasystoles,
the reason why SOV/GCV PVCs have variable coupling
in relation to the preceding sinus beat compared with
RV/LV PVCs may partly be related to different aspects on
the continuum of parasystolic behavior.
A parasystole is an ectopic focus that discharges at re-
latively ﬁxed intervals that are integral multiples of a fun-
damental interval and are not related to the preceding sinus
beat, because of entrance block into the focus such that its
rate of discharge cannot be reset (16,17). However, even
when a parasystolic focus is suspected, the occurrence of
ectopic complexes is not always at a precisely predictable
interval (multiples of a basic interval). Numerous mecha-
nisms have been postulated to explain nonﬁxed parasysto-
lic activity, including variable amounts of entrance block
to the parasystolic focus (18), as well as subthreshold stim-
ulation from surrounding myocytes via electrotonic interac-
tion (19). No cases in our series behaved as true parasystoles.
However, unique anatomic characteristics of PVCs from
these sites may cause SOV/GCV PVCs to have some
characteristics that are thought to be related to parasystolic
foci and therefore cause the variable coupling that was seen.
Anatomic location. Our data suggested that relative
anatomic isolation of SOV/GCV PVCs may be associated
with variable CI. Gami et al. (20) have demonstrated that
myocardial extensions above the semilunar valves are com-
mon and help explain the occurrence of SOV PVCs. In
a series of 603 autopsy hearts, such extensions (isolated
strands of muscle) were seen above the aortic valve in the
SOV in 57%. Fifty-four percent had extensions above the
right coronary cusp and 24% above the left coronary cusp.
Extensions above the non-coronary cusp were rare (0.66%).
Extensions in the right coronary cusp (2.8  1.2 mm) and
left coronary cusp (1.5  0.5 mm) were relatively narrow.
Extensions can be seen in the aortic wall, in the valve leaﬂet
itself, or in the intercuspal region. How this unique anat-
omy with narrow myocardial extensions can be the source
of PVCs, and how it affects PVC behavior, are not well
understood.
Anatomic location–function interactions. We postulate
that PVCs originating from sites within narrow, relatively
isolated muscle ﬁbers such as the SOV and GCV may
behave more similarly to a modulated parasystolic focus than
to a more typical PVC focus, and that this behavior may
explain the differences in DCI. Lacking large amounts of
surrounding myocardium to provide electrotonic inhibition,
the narrow muscle strands in the SOV and extending along
the GCV may be more prone to partial entrance block.
PVCs from the RV/LV outﬂow (below the valve) or body
with extensive surrounding myocardium (and without
localized ﬁbrosis) would not be expected to behave in this
manner. This relative isolation may decrease the modulation
of the PVC focus by the sinus rhythm focus as described
recently by Takayanagi et al. (21).
Figure 3 12-Lead ECGs Demonstrating Examples of PVCs With Variable and Fixed Coupling
An example of (A) variable CI seen in a SOV/GCV source; and (B) stable CI of an RVOT source are shown. ECG ¼ electrocardiogram; RVOT ¼ right ventricular outﬂow tract;
other abbreviations as in Figure 1.
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2155Electrotonic interaction is thought to affect the ﬁring of
ectopic foci through interaction, not only between car-
diomyocytes (19,22,23), but also potentially between nearby
and distant myoﬁbroblasts and cardiomyocytes through
connexins (24–28).Electrotonic inﬂuences can delay the discharge of ectopic
foci if they arrive early in the diastolic depolarization window,
and can accelerate the ﬁring of the focus if the impulse arrives
late in the diastolic depolarization window. Jalife and Moe
(19) demonstrated in 1976 that sufﬁcient myocardial tissue in
Figure 4 12-Lead ECGs Demonstrating Examples of PVCs With Variable and Fixed Coupling Related to Unsuccessful Ablation
An example of an ECG of a PVC in a patient that shows (A) stable coupling before ablation; and (B) variable coupling after initial failed ablation attempt. Abbreviations as in
Figures 1 and 3.
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2156the region near a parasystolic focus can have signiﬁcant ef-
fects, with variability up to 40% in the ectopic cycle length.
The source–sink interplay of electrotonic interaction
largely controls the ﬁring of ectopic foci. The current of theectopic source must overcome the activation threshold of the
surrounding cells that are repolarized. The more surround-
ing cells that are repolarized (sink), the more difﬁcult it is for
the ectopic focus (source) to overcome the mismatch because
JACC Vol. 63, No. 20, 2014 Bradfield et al.
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2157current ﬂows from the repolarized cells to the cells at-
tempting to depolarize. Therefore, the more surrounding
cells a focus has, the more “controlled” that focus may be.
Although all discharges from PVC foci that form a QRS
complex must by deﬁnition overcome the source–sink mis-
match, intuitively, it is possible that foci with fewer sur-
rounding myocytes are under less external inﬂuence than
foci surrounded by dense myocardium. Uncoupling may
even allow depolarization wave fronts to overcome source–
sink mismatch (29).
Because of the limited understanding of the determinants
of PVC coupling, the preceding explanation is only a
postulation and cannot be proven at this time. Other plau-
sible explanations exist for this CI behavior, including rate-
related inﬂuences on triggered activity and the anatomic
relationship of the PVC focus to the His-Purkinje system,
and potential concealed re-entry involving the fascicular
branches for those PVCs arising near the conduction system
leading to ﬁxed CI.
However, Figure 4 shows an example of a type of case
seen in a number of instances that we believe supports our
mechanistic hypothesis. In this case (not part of this series),
initial extensive epicardial ablation of a mid-myocardial LV
PVC with ﬁxed coupling did not eliminate the PVC but
rather caused uncoupling. A second procedure 3 months
later with further ablation on the endocardial aspect of the
thick anterior LV wall (equally early signals from each sur-
face) eliminated the PVC. We believe this phenomenon
likely occurred because the epicardial site of ablation was too
far from the PVC site of origin to completely eliminate the
PVC, but the extensive ablation decreased the amount of
surrounding viable myocardium near the PVC focus, causing
decreased electrotonic restraining effect and increased
entrance block into the focus.
In addition to the potential diagnostic utility of PVCs
with variable CI (pointing to a SOV/GCV source), we
postulate that patients with this ﬁnding may be predisposed
to higher risk of cardiac arrhythmic events (syncope, SCD),
as was seen in our study. Sosnowski et al. (30) demonstrated
that the PVC CI assessed on a 24-h ambulatory monitor in
patients with coronary artery disease was associated with an
increased risk of cardiac mortality. Viskin et al. (15) have
described a short-coupled variant of RVOT PVCs. The
mean CI of our cases was longer than described by Viskin
and colleagues; however, the DCI was not assessed in their
study.
Study limitations. First, the patient population was rela-
tively small, with a limited number of cases of PVCs arising
in the SOV/GCV regions. Despite this, the differences bet-
ween DCI in these patients versus those with PVCs arising
in other areas were striking. In particular, interpretation
may be limited for right coronary cusp PVCs because only
1 case was included in the series. Second, it is possible
that if we had measured more CIs (>12) in each patient,
the differences between groups would have decreased.
However, the standard deviation of CI among individualpatients with PVCs from non-SOV/GCV regions was
small and unlikely to increase with more sampling. It is not
known whether CIs vary over the course of a procedure or
throughout the day. To minimize this uncertainty and to
make the ﬁndings applicable to a resting state outside of
the electrophysiology laboratory, we measured consecutive
CIs at the beginning of all procedures before signiﬁcant
anesthesia was given. We believe that the current protocol
increases the likelihood that these ﬁndings can be translated
to analyzing a resting ECG done in a cardiology ofﬁce.
Third, PVCs successfully ablated in the GCV may have
originated within the venous system itself, but we cannot
rule out the possibility that the origin was within the
epicardial LV summit muscle, but close enough to the
GCV that ablation was clinically successful. Finally, PVCs
originating from the papillary muscles are not included
in this series, and therefore, conclusions regarding the
behavior of papillary muscle PVCs cannot be made based
on the current study.Conclusions
This study demonstrates that the DCI of idiopathic PVCs,
easily measured from the ECG, may be a useful diagnostic
tool to determine the origin of idiopathic PVCs and aid in
planning ablation procedure strategy. The CI variability seen
in SOV/GCV sources raises concerns that PVCs with such
variability may be associated with a higher risk for cardiac
events. Further study is warranted.
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